To investigate the possible work-relatedness of obstructive lung disorders, 402 male
Introduction
In Japan and most developed countries, the number of new cases of pneumoconiosis caused by occupational exposure has been decreasing dramatically as a result of improvements in workplace environment. On the other hand, mortality from chronic obstructive pulmonary diseases (COPD) is known to be increasing in tandem with the aging of the population'.
Although the most important cause of COPD is cigarette smoking, the work environment is *To whom correspondence should be addressed , suspected of contributing to the natural history of the disease2~. Thus, more attention needs to be devoted to work-related obstructive lung disorders of the workforce. Even if the current exposure levels are low, the majority of the middle-aged workforce probably experienced relatively high levels of exposure to harmful substances in the past. Little is known about the effect of such past exposure on work-related obstructive disorders in the current wellmaintained work environment. That is especially true of exposure to mineral dust and fibers, because those substances can accumulate in the subjects' lungs and remain there for a long time.
In 1985 the author started a longitudinal study on the respiratory health of male workers employed in factories where asbestos and other natural mineral fibers had been processed, focusing on the longitudinal decline of pulmonary function3~. This study was completed in 1995. The purpose of this paper is, first, to describe the study design, second, to present the various characteristics of the cohort subjects principally at the time of the baseline survey, and third, to consider some methodological aspects in handling longitudinal pulmonary function data.
Methods

Study cohort
Study subjects were working at two different factories owned by the same company. Both factories have mainly been producing construction materials and machine products. Those products contain natural mineral fibers to improve their mechanical, physical, and chemical properties. Almost all of mineral fibers used were chrysotile asbestos until 1992, when the company decided to gradually substitute other mineral fibers. Wollastonite was adopted as the primary substitute fiber in these factories in 1993, when the use of asbestos was essentially abandoned.
In the spring of 1985, all male full-time employees at the two factories were registered as possible participants in this longitudinal study; 391 of the total of 413 registered took part in the baseline survey and 384 completed it satisfactorily. The baseline survey consisted of vital capacity (VC) measurement, forced spirogram measurement, and a questionnaire interview about symptoms, past medical history, smoking, and other background factors. In 1986 an additional 18 employees completed the baseline survey, resulting in a cohort of 402 subjects in this longitudinal study (original cohort [OC] , 97% of the total of 413 subjects registered in 1985). However, the main focus was on 388 workers below the age of 57 at the time of baseline survey, since a minimum follow-up time of least three years was established in advance and would not have been completed in the other 14 older men before their normal retirement at 60 years of age. All participants joined voluntarily after being given a full explanation of the study. Subjects participated in follow-up surveys every spring from 1986 till 1995 except in 1987. Follow-up surveys consisted of forced spirogram measurement and a self-administered questionnaire. Those who were unavoidably unable to participate in the follow-up survey in the spring were given another opportunity to participate in it in the fall. In addition T NAKADATE to this original cohort, new workers at the factories, who were new employees or had been transferred from other factories after 1986, were also examined in the same manner as the original cohort every year in the follow-up survey.
Their number grew to 182 by the end of the study in 1995 (supplemental cohort [SC] ). However, this paper only deals with the original cohort participants.
Spirometry
Spirograms were measured with a dry rolling seal spirometer (CHESTAC 65, CHEST Co. Ltd., JAPAN). The plastic bell of the spirometer was connected to a rotary encoder which released a pulse voltage with each 10-ml change in volume. Time data were sampled when the pulses were generated. Elapsed time and changes in volume between pulses provided the magnitude of flow at that time. These data were all processed with a personal computer and stored on a floppy disk. The pulmonary function index figures were also calculated with the computer, and displayed on a color visual display. The spirometer showed the volumetime (spirogram) and flow-volume curves of the latest three maneuvers simultaneously on the display. Each displayed maneuver can be distinguished easily by using different colors. This helped each subject to improve the acceptability and the reproducibility of his maneuvers. According to the company's specifications, the frequency response of the plastic bell was acceptable (within 2% error) up to 10 Hz, measured with added small volume air oscillation. The beginning of forced expiration was determined by the backextrapolation method, and expiration was considered to end when flow became negative. The accuracy of the encoder was checked every day, both before and after the morning and the afternoon session, using a two-liter syringe. The spirometer was equipped with a thermometer. Routine body temperature and pressure saturated with water vapor (BTPS) correction was carried out on the forced vital capacity (FVC) and forced expiratory volume in one second (FEV 1) data when subjects finished each maneuver.
The forced expiration maneuver was conducted in a standing position. A noseclip was not used because full inspiration prior to forced expiration was from room air, and the mouthpiece was inserted just before expiration4~. However, the subjects were asked to wear a noseclip whenever leaking of expired gas through their nose was conceivable. Subjects were asked to repeat the forced expiration maneuver up to seven times in order to obtain acceptable, reproducible results on three occasions. Whether an individual maneuver was acceptable was evaluated Occupational exposure Among the primary products containing chrysotile asbestos and substitute fibers were calcium silicate boards, some joint and sealing materials, and insulation products. The occupational environment has been periodically monitored not only in all work areas where chrysotile and wollastonite were used, but in other possible areas, such as warehouses and stockyards. The TWA concentration of chrysotile and substitute fibers in those areas during the study period was controlled to a maximum of 0.5 fibers/cc, well below the permissible levels of occupational exposure in Japan'. However, the company records suggested probable higher exposure in the past, at least before the mid-1970's. The actual job status of each subject was determined from the factory records. Job status could be categorized into the following three classes in terms of the likelihood of exposure: routine (handling or processing asbestos or asbestos-containing materials), occasional/neighborhood (maintenance, engineering, and stockyard workers, as well as those working near the site of mineral fiber processing), and little (administrative, clerical, and other types of work done separately from mineral fiber processing).
Chest radiography
Chest radiography was carried out for all participants as a part of annual health check-ups, by using the standard procedures for the diagnosis of pneumoconiosis in Japan8.
The severity of fibrotic findings in the lung fields was classified into 12 grades from 0/-to 3/+, which are compatible with the classification of ILO. Deterioration of the findings during the follow-up period was monitored by periodic chest
x-rays in accordance with the prescribed protocol8~ of the Japan Pneumoconiosis Act.
Questionnaire interview
The standardized questionnaire of the American Thoracic Society (ATS-DLD-78-A)4 ~ was utilized to determine smoking status, respiratory symptoms, and past medical history, with slight modification and translation into Japanese.
Analysis
To find an appropriate way to adjust pulmonary function for subject body size difference, each pulmonary function index was divided by standing height multiplied n times (nth order height proportional value). Then its correlation with standing height was compared at different levels of n.
The effect of temperature on pulmonary function measurements was analyzed by analysis of covariance, where an dummy categorical variable indicating an individual factory, and the subject's age and the room temperature at the time of measurement were employed simultaneously as explanatory variables. This model was fitted to the data each year separately to avoid auto-correlation of pulmonary function data within subjects.
Coefficients of variation (CV) of pulmonary function indices were calculated for every data pair obtained one year apart; for example, data in 1985 versus data in 1986, data in 1988 versus data in 1989, and so on, by using the method by Connett and co-workers9~. This makes it possible to obtain an optimum maximum likelihood estimate of within-subject CV from the data of all subjects.
All statistical calculations and analyses were performed by using the SAS programs on the HITAC system of the Tokyo University Computer Center and on personal computers. Table 1 shows the background information of the total of 388 subjects in the original cohort at the time of the baseline survey. About 88% (341 of 388) were 30 years of age or older. Table 2 shows their smoking status at the time of the baseline survey. Cigarette smoking was a very common habit in this cohort; only 20% were never-smokers and 65% regularly smoked an average of 18 cigarettes per day. Table  3 tabulates the frequency of subjects' job category referring to asbestos exposure at the time of the baseline survey. About 60% of the participants were engaged in handling and processing asbestos-containing materials. Table 4 shows a cross-tabulation of the subjects according to the number of surveys with acceptable pulmonary function measurements and the effective length of follow-up covered by those acceptable surveys. Among 57 who could not fulfill the pre-planned follow-up length, namely at least three years, 20 retired of their own accord, and six were transferred before 1988. About 85% of the subjects were followed-up for at least three years with at least three acceptable pulmonary function results. Mean (SD) number of acceptable pulmonary function measurements was 6.8 (2.1) times, and mean (SD) length of follow-up duration was 7.7 (3.5) years. During the follow-up 21 quit smoking, but nobody started or restarted smoking. Figure 1 shows the correlation between height and height proportional FVC and FEV 1 values. The values shown are partial correlation coefficients adjusted for age and weighed by the square root of the number of acceptable surveys, since the younger subjects tended to be taller than the older subjects.
Results
The age and pulmonary function index figures of each subject Table 3 . Distribution of job categories in terms of asbestos exposure Table 4 . Number of subjects according to effective follow-up length and number of acceptable surveys correlations with height, and appears to be the most appropriate way to adjust for body size difference. Table 5 shows the results of the same analysis for other pulmonary function indices. Except for FEV 1 % and time domain spirogram indices, all of which were independent of lung volume, secondorder height proportional correction appeared the most appropriate way to adjust for the difference in body size. Room temperature during testing was in the 10 °C-28 °C range . However, about 90% of total of 2626 acceptable forced expirations of the subjects analyzed were made in the 15 °C-25 °C temperature range. Table 6 shows the results of the multiple covariate analysis examining the effect of temperature on pulmonary function. Although FEV1/HT2 in 1995 and FEF25/HT2 in 1993 reached statistical significance, there were no consistent results suggesting a significant contribution of temperature to pulmonary function indices.
Coefficients of variation of pulmonary function measurement calculated on every two consecutive surveys Table 6 . Independent contribution of temperature on individual pulmonary function indices one year apart are summarized in Table 7 . Exponential transformation was carried out on mu to avoid negative values. For FEV1, the CV averaged about 2.2% and was sufficiently stable throughout the study period. A similar tendency was found for FVC. Among the flow indices such as FEF50, FEF25, and MMF, the CVs were also stable during the study period, although they were larger than those of FEV 1 and FVC. In the case of time domain spirogram indices, mean components such as Mu and MTT were less variable than diversity components within subjects.
Discussion
Study subjects consisted of full-time employees having regularly worked during the study period. Thus, the majority of them can be considered "healthy" in the broad sense. Actually their average %VC and FEV 1 % values were well within the standard range of a healthy Japanese population, and a majority of them were considered to have normal spirometric values according to routine criteria (%VC>80% and FEV1%>70%).
Adjustment for body size difference is inevitable for almost all pulmonary function indices, and standing height is usually utilized as an index of body size for that purpose. In general, it is more practical to utilize various types of prediction equations where not only height, but age are employed as explanatory variables 10. In a longitudinal setting, however, the primary interest is in changes in pulmonary function with aging itself, and a simple way to adjust for body size differences is preferable. Thus the height-proportional adjustment seems the most appropriate method. However, the order of height used as the denominator has been inconsistent. For example, the first order height-proportional values are used for all conventional spirometric indices but FEV 1 % in the prediction equations of The Japan Thoracic Society". FEF25 divided by height is an important index in the Pneumoconiosis Act of Japan8. The second-order height proportional adjustment was recommended by Miller and co-workers12~ and utilized in a large-scale longitudinal study13~. Fletcher and coworkers employed the 3rd-order height proportional FEV 1 in their longitudinal study' 4~. In this study, second-order height adjustment was clearly shown to be the most appropriate method not only for FEV 1 and FVC, but for maximal expiratory flow indices as well. These results were based on the values averaged over the study term for each subject. That averaging must have minimized the effect of measurement error within the subjects.
In general, it is important to consider room temperature during spirometric maneuvers. That is because the time course of cooling of exhaled gas can affect the figures of the pulmonary function indices15~. That is especially the case in flow measurements because they indicate condition at a specific point of the maximal expiration maneuver. Even FEV 1 which is expressed after BTPS correction or FEY 1 % and time domain spirogram indices that are theoretically independent from the absolute value of expiratory flows may be influenced by room temperature when the time course of gas cooling is not consistent throughout the maneuver. In this study, however, no consistent association of temperature was found with any pulmonary function index. That seems partially because the majority of measurements were carried out within a relatively narrow range of room temperatures: between 15 °C and 25 °C.
In a longitudinal study, the coefficient of variation of the data within each subject is one of the important indices reflecting data quality, since it is easily influenced by the magnitude of measurement error. Time-series evaluation of CV provides a useful information about the consistency of the quality of the data obtained throughout a longitudinal study. Buist and coworkers16~ emphasized the importance of good effort of quality control in longitudinal studies. They showed that introducing a strict quality control protocol into their LHA study reduced within-subject CV of FEV1 measured about four weeks apart to only 5.8%. In this study, the within-subject CV of FEV 1 measured one year apart averaged only 2.2% and was consistent throughout the study period of over 11 years. These values were generally lower than their counterparts in several previous reports"' 'g), although the measurement interval in this study was the longest. The CVs of other pulmonary function indices were also consistent throughout the entire study period. These results indicate that the data quality of this longitudinal study was consistent and satisfactory.
In conclusion, 388 male employees who continued to work at one of two mineral fiber processing factories were followed up for over 11 years in terms of pulmonary function decline with aging and related factors. The results clearly suggested that second-order height proportional values should be used to standardize spirometric indices for subjects' body size difference. It is critically important to minimize the measurement error of forced expiration maneuvers and keep it consistent throughout the entire study period, by striving to control the quality of pulmonary function data.
